Fluorine nuclear magnetic resonance, a privileged tool for metabolic studies of fluoropyrimidine drugs.
Fluorine-19 nuclear magnetic resonance (19F NMR) spectroscopy provides a highly specific tool for identifying fluorine-containing drugs and their metabolites in biological media. This article focuses on the application of 19F NMR to the metabolic studies of fluoropyrimidine drugs in clinical use. The value and difficulties encountered in investigations on drug metabolism are first discussed. The metabolism and disposition studies of the anticancer drug 5-fluorouracil, the mainstay of antimetabolite treatment for solid tumors, and its prodrugs, doxifluridine and capecitabine, are then extensively reviewed. The studies dealing with the antimycotic agent, 5-fluorocytosine, as well as the novel anticancer drug, gemcitabine, are also considered. From in vitro (biofluids or tissue extracts) 19F NMR analysis, seven new metabolites of 5-fluorouracil, doxifluridine, capecitabine and 5-fluorocytosine were identified. Except two, they were only detected using this technique. This emphasizes the high analytical potential of in vitro 19F NMR. In vivo 19F NMR is non-invasive and thus allows the quantitative monitoring of the metabolism of 5-fluorouracil in the target tissue, e.g. the tumor, as well as its biodistribution. Another promising application is its ability to estimate the level of yeast cytosine deaminase gene expression in human tumors from the quantitative monitoring of 5-fluorouracil formation from the non-cytotoxic drug 5-fluorocytosine. Notwithstanding these successes, the limited sensitivity and spectral resolution of 19F NMR precludes its extensive applicability to all the fluorinated drugs.